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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Block Italic Transliteration Block Italic Transliteration

A a A a A, a P p P p R, r

6 £ 6 B, b C c C C S, s
Be B # V, v T T T T, t "

r r r e G, g Y y Y y U, u

A A 14 0 D, d co 4 0 o F, f

E e E d Ye, ye; E, e* X x X x Kh, kh

Hi M IX X Zh, zh A LA L1 I Ts, ts

3 3 3 * Z, z H 4 V v Ch, ch

H W H U I, i W w L N Sh, sh
ii Y, y L u1 X sq Shch, shch

K K K X K, k b -b

A n J7 q L, 1 bi 6 U U Y, y

M M M A M,m h b
H H H v N, n 3 3 3 1 E, e

0 0 o O, o t bI /0 ' Yu, yu

fn f7 n P, p 1 s Hq " Ya, ya

*ye initially, after vowels, and after b, b; e elsewhere.
When written as 6 in Russian, transliterate as ye or e.
The use of diacritical marks is preferred, but such marks
may be omitted when expediency dictates.

GREEK ALPHABET
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Epsilon E c e Rho P t

Zeta Z • Sigma E.a q
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Iota I • Phi (P

Kappa K )t K Chi X X

Lamoda A A Psi Y qI

Mu M i Omega W
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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

Russian English

sin sin

Cos COS

tg tan

ctg cot

sec sec

cosec csc

sh sinh

ch cosh

th tanh

cth coth

sch sech

csch csch

arc sin sin-I
-I

arc cos cos

arc tg tan- 1

arc ctg cot-1

arc sec sec 1

-1
arc cosec csc

arc sh sinh-1

arc ch cosh-

arc th tanh1

arc cth coth-

arc sch sech-
arc csch csc 11

rot curl

l F"log
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Th eff ctiv-i.,-3s of the use of an aerodynimic lift with le:3cont in 'I

tlia a t.:osptirc- -)f ~lar;.s

Are oxamiu-r"1 t do lj:idti nj ci; of a reduction~ in thf) ie:iceflt

v'hile i~ch Pos.--ses V .ft icrl~ai forc'o, in

tk d t.nO~jdirL' i *. f the qvit, ;Ln ip le iii r-.tlization dnsc-ýnt w:ith

cons.tua t I itt--1 >I1: It jo 'Ifln j.~I MiOt comp I tx in

r-3 tizaLti~on wit i ttio ol.ti iium* conltcio. of lif.t, that maikoý; it

t,) o -jtdtf the miai.i-a. f~u~ iii -Al v ? o'ity -.or ali Hipprti t 2 with
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tuese egaricteriatic:. In the anqnitud,. of a diffitrence in th_ final

velocities when usiti) those two views of desceut it is defined,

to .ýLich of them it is possible to give preference in each concrete

case. Are given numerical results.

The solution to the problem of the aerodynamic descent of

ipparatusez to the surface of e.ars is hinder/hampered on the strength

of the fact that the atmosphere of the Flanet

is extremely is ratorefit±. By force this use of ballistic type

t~J1rat.uscs con jujate/co-ibined with the greatest difficulti-s, so S -I 0]

as magnitude of the given load on froutal surface in such descent

v-*Aiclez, (DI) must not exceed -70

kjC/rnm [1, 21. Thp introduction of lift makes it possible

;uptPtdatialiy to facilitate, accomrplisaing of the objective of the |i

iarodynarnic descunt

to ducrvIze the insl velozjty of' VK- v,•locicy to the moment of tne

cunnection ot the syste•m ot nsft landinq, to increaeu load on the o
fron tal. ,UL: fa , I ,

J3 ind, etc.

0

Oi
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The effectiveness of the usot of an aorodyiamic lift for the 0

descent or space vehicle (KA) in the atmosphere of lar,*
0l

can be defined by tbo .raqnitud.. of the final rate to which was 0r
inhibited tne vehicle, since for active braking with the help of

thin propulsion system of each 10 m/-, of a velocity increment of V is "K#

spant several Jozen Kilograms of fuel load and

et
"f the structural eleaents of the system of soft landing.

In the pLesent work are examined two lia-,iting cases of ai reluction DV. which possesses lift aercdynaaic force- It1

thi quite simple in realization descenL t with constant lift-drag ratio

(K=coouat) ind the moat cohplex in realization descent

with the optirun control ot lift (K-vir), that makes it possible, to

e btain the mininum final rdte- for DV with the assigned

characteristic,-.

Page 81.

lit the ajnuitul of -a ditfc (,tct: in the" final rato- aV•v' -( .,. .

*... ' 1 I • r
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wliich aru ±C1L12VC1 when using these

twa vi~iws of iliicent undeIr other idrurt ical conl1it ions, it is possible

to junje to which of then it is necoossary to give prefororice in each

concrete C.LJC.

W e will exiAmine cas- of the entrance kA into the atmosphere of

liars from the trajectory of direct/strailjht flight/passage ground-

jars, for which th'ý rate

the atmospheric; enLry ot Mars V A0:6 km/s3. On the trajectory of

lescent izi supeýrimposed the conat~raint by heiqhit of the mission KA

abave

ta.Ld sulrticu of the 1
l, Ct:

DuL mg th3 simuhlatiton of tk'e",uiation.; of- mrotion or the cont er of-

thi Aas DV wa util izz I ",)o~rat ional rn ou'!1 o f tliho at mosphcri, of ;isr.e( ,

21.
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De.,Cs-tt with 4~n;t ant I ift-1L' rati We will iexamintj traffic

DV w2.tiiin upj-irition~i reiktry corr'idor.

rha lower uound iry of upoQLktionald rventry corridor is defined by the-

minimua' altit'xi. ot the conditional periceriter of the trajectories of

vutrance di at

wikiclk is still posjii~l.-o thtý exectition of constraint (1),* if K=iKmU.The

uppar bound is lofined from the conditicn of capture DV

by tl'e atinosplivre ot lars. In this cdso the vehicle is consid'~red

,;.elzod by thxý dtio-iphtcie, if the c-axisnum altitizde of mission afttr ths

f irst

ia3Qrt~ion inIto laseiyers of the dtmnosphere does not exceed 100

it -i,.uld be nioted that tho lower 1ouirdary of oporational reontry

SCorrilorL ,;Ui).,t.I1ltiA11Y depend1s onl theo Jesiyncd~-ballistic parai,,tnz.

UV (Yi~e'l 101- ljidli it.i Int Lort surtace of v j( :G/c X 3 where cir S andl G

lice a Jla~j C)Cft iciotmtt

thaa,! ute wii.ld.-Oct iofl a%(! weight (on jround) DV. dnd the iitt-d r i~

v t 'io DV Tc c/!I at k1x] tric t ki(1 ,6=A~C~ft~.t

f*.1t~ ,n :Il ya t t d (1 TI, l i ul
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of the Qw11itjonal porictitetr IH' beinq gqrow/riuton with the incrcasp

d ,1uring d•crease in JQ, Thus, for instance, increaso P.,

* from 200 to 650 kyq/ft Jt",d:s to increis di from -270 to

-100 km. in increa5o 41 with 3 to I km leads to increase (1/.frao -230 0

to -130 kinm anA d41c-dease I<, from 0.5 down to , .

0.3 caanqez j'fcom -287 to -113 km (Fig. i).

0

0

0

0

0
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0
**4*�*44**)Ir3A: PL:L�:;� C�fL C� �OR ALL I.,Y;4ILLLC OR IINCLt2Ar� ITEŽ1�i ON

1�dk� TAt�.E (F[GUll�.) WdICU �At� HAVF I3IA'J Ll*Pr OUT**********
0

0
� AIM.

1 r I

- 'w�,
1

i. - I S Ii
-j 0

;1:::vL:rz;�.� � *
F�j. 1.

0
Key: (1) J�pa. (2) ki t/�Z. (3) k.:a. (Li) dop�. (5) the initial

0

0

0
o II

0

0

0

0

01

0

0
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Fig. 2 gives the dependences of the xnagnitud• of the final rate

from the designed-ballistic parameters DV (P and ;<r,) and

"-from the altituaLe of the condlitional pericenter of the'trajectories of 0

entrance. It is evident that with descent with Kar~const the magnitude,

* of the final rate substantially ..

depends on the Altitude of the conditional pericenter of the

trajectory of antrance, achieving maximumn near the middle of reentry . | I0
corridor.

Page 82.

Thus, for insta nce, for DV with P,,=350 kqf/m2 and K6 =0.3 (1',=6 km/s

Vr. - 630 .x;, .aa /-/.- Hn z 1 =" 170 Koif,S

V,:=740 i• "1 4 -"H 0 K.tt, 1
V,= 760 .i,, - /-R9 4 -- H, 0 80 .U.

m/s; with; km.

0

! C
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Let us note also that the minimum value of the final rate in the

"case of traffic DV with the constant lift-drag ratio

is ichievel during traific along tae lower boandary of operational 0

Ceentry cocridor. In this case the maximum spread in the magnitude of I ||

the final

cate during traffic within operational reentry corridor with K6 =const

is 120-150 a/s. As one would expect,

An increase in the load on frontdl ..urface and lift-drag ratios leads

to an increase in the final rate. so,

for axampl during increase Pfrom 200 to 650 kgf/mz V~grow/rises from

630 to 976 m/s, and durinq change K6 frcrn 9.3 to

0.5 th.. vdiue of Vi~ncreasen from 7o0 to 1016 m/s (ar. examined ther

maximum values ;,:within the o:)eLdtioa.l corridar

antranc,)).

a .

* I

* 4
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**********EDITOR: PLEASE CHECK FOR ALL CYRILLIC OR UNCLEAR ITEMS ON

TrIE TABLE (FIGUi.) 41ICH MAY HAVE BE.EN LEFT OUT**********

• .i" I.,,i

* Ji22V.'

K . (2 LAI/. ef/

• i4

Figj. 2.

Key; (1) km. (2) kx. (3) kgf/in2. (4) of. (5) x/s.

* 4

" • "f• ., • .• ,•, • ,,• -,, w..-, • •- ,-,-,-•e ,•, • -.,, • ,,i. • • w=,, •I I'
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Optiwum cant ral of the final rate. For determining the optimum

lIw of control ot the "effective" quality

KslK"cosr (Q is an angle of the bank DV) from the condition of the I,

minimum of the final rate of descent was sclved the corresponding

variational problem.

Was exaained thp plaite motion of the center of mass DV in the

ataosphere of beinq unrotated .1ar3:

V- gn (H) sin fi

.4 I
S"+.2P, - R + H

1 -- VsinO.,II

(2).

jizre V, H - vo01ocity .rind flijpt Altitude; e - tho angle of tae

path inclination 0-1 towar1 thq local horizon; m- the mean rEd-iu

0
',ir's; p - th•, itmo.•;phi'ric d.,n.;ity of Mars; *t.r(IIJ - thie aicceI.orat~icn of

0

o
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.4Jrvity on :.ars.'g.,- the acceloration of gravity on ground:

point designateo time darivatives t.

Page 83.
S" .. ........ . . .. . =

the value of th3 given load on the frontal surfaca DV P was received

sconstant in an entirp trajectory of descent.

The oojective was accoplishel durinn the constraints

•h-H(t) 0; C3)
K- < K(, <Kc',ý (q) 4

* 4

*

-inI undler th.. bounlary conditions

*A

' I

e

.......@-.-- - --...---. ..-.---[ :i
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Index "0" designatea the initial cond1itions, which correspond to

the entrance KA into the atmosphere of .tars.

Far the natation of the necessary conditions of optimum character I Ut

was utilized the principle of L. S. Pontriagin's maximum (3, 4].

The carrip] oat investigation showed that the optimum control

depending on the p3rameters DV 1', and 164 and minimally

(WmIn)0.f,

tue permia~iblre flight altitu4e at the identical conditions of

entrance can be two types.

"First type optimum trajectory maintains the phase of traffic

along constraint (3) . During izovysotnom phase of trajectory

tha control is lefined ujia.)iguously frer. the condition of the passage

of extremal alonj con.itraint ( 4] and takes the form

0 0 0

, 93,, (1-1/9"m (. -_F 14)) *
, , 0

) C
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.Pescent from constraint is implemoielted inside the permissible

r:?ion of pnaza coordinates with the magnitudo of the effective

juality " K,-4-K,

which remains constant to the end of the trajectory. It should

-be noted that in the presence of horizontal phase in I i

the composition of the optimum trajectory of the entrance functional

V.f V4 does not d pend on the initial conditions V,,, G and Ho.

Second typa optimum trajectory does not maintain izovysottiogo

phase. Tue projr.n of control is the pLogram with

K,+.. Ke,
the one-time chantgeover of effective quality with on onK 6.

*....It is aecessary to l'ott? that a deccease in the minimally

permissible fli]ht altitude DV above the surface of Mars, anrd also

load I*

on the trontal surface DV an] the ma-nitules of lift-drag ratio lads

to a decreaso in tho time intervil, witain which

Z)V moves over :ofstr.3intHf-•(II,, ),,,,.,oreovcr for some types DV there is

au altitud.- m at which during

( U,,,,,,) . , o/ t,.,,.) ......fu1iillmernt of the Condit ions• the olptirun trajectory dons

o

0J
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•ot mdintain izovysotnoqo phaae. Thtus, for instance, for

DV with P.-=-50 kgf/m2 and Kc, =0.3 magnitude = -2.75 km, but for DV

with P%=80 k.jf/,2 ani K/,0.4

this Magnitudie is equal to 5.83 km. In this case, as earlier, it was

conlsidured (11,,,,,, . .

Again lot us note that when the optimnum program of control is S

lirst type pro:r:m (containing 0
|. izovysotnyy phase), occurs descenit from constraint inside the

L I

permissible region of phase coora1inates, i.e., to the side of the I ii0
increase

II.
flilht altituld'ý.

P•g 84. II

The UO:RD-ILiSO11 Of th.Ž OptinIm proqr.i.n of control with the *
pro4rdat, waicl: envi:.-e.• tvafric DV to thte end of thi horizontal r.has- *
with.II,. ';h~'; (Fij. 1) thdt at the optinutr control the maqnitude of

@t

t~hj firn1 L-atQ prov*e.; t.o h,'. SU~l<•tdnia•lly iess;,

0
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i.a., 4a~in b,,cau-; of optimiizaition ijt is; 3Iuffici.Žrt by weiqht.. For

exciluple for [DV with P -=35,1 kqf/mZ, A',=0.3. /1=6 the km

losses inm the m.aynitu~le of the finaml rdtc- in flight with H-Sd~they

compose ~420 m/s.
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$ IT PLEASE CHECK FOR ALL CY;IILLIC OR UNCLEAR 1TEMS ON

THE TAB3LE (FIGUtRE) WHICH MAY HAVE BEEN LEFT 0UT$+$$$$$$**

S": +:. •:---,k F- • /: ,"

Fig. 3.
* 1

Ke?: I1) k~jfln~o (2) kni. (3) rn/s.

* 6

* I

I I

O

O

* ..--. -- N-~~ . ..... .* "*.t
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0

"Let us examine, ds affects the magnitude of the final rate of

change in the altitude of the conditional pericenter of the

"trAjectorivs of entrance, and also

th3 de4i•n-d-balliatic parameters DV (1, and IQ) and the minimally

pdL'msJible flij:.t iltitude at the optimum control of the final

rate of descent. The deperndences, presented in Fig. 4, show that the

majaitude of thu final rate in practice does not lepend

on the altituda of the conditional pericenter of the trajactory of th-

: :trance. ithin thý limits of the operational corridor. As one would

Sexpect, the increise

laid. on fruntil nurface and the minimally permaissible flight0
altitudes D)V ab)vQ the surface of planet and the decriase

lift-dia; ratio l-iad to an increas, in the final rate. Thus, for

i natdnce, incir't af Ptrrom 200 to 500 kqf/in2

loll!; to ±ncr',:A ill Visto,:. 4!) to 72u m/;-i, an increase S with 3 to

n ,itn loud;-; to chinj'. in VKffrom U65 ,owTi to

S
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0
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656 m/-. .i nd decr,,'•. K6' from 0.5 t:• 0.3 - to incK~eaie in V•from (4RO to

I, !

0

0

0

0

0
oI

0
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*V*4*t*V****4 IT3I: PLEASE CIIECK FOR ALL CY'iILLIC OB UNCLEAR ITEf•S ON

0
TtiE TAJLE (FIGURF) WHI1CH MAY HAVE BEEN LEFT ourr********

0

O

-. .,j __
"* " / *" J , . *' .Vi ,

Fi4. 4.

,I )

Key: ( 1) km. (2) k -i•/s. (.3) J•j f/m 2. 44) k m., (5) vkh. ( 6) rn/s.

* 

I.

0'

9 -
4

* 
4.
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Evaluatiozv of the oftectiventes of th,) optimum control. T he

obtained abavii ,natorials make it possible to evaluite the

Se fiectiven ess of the opti mnu m, 3

control in comprrison with progjradm !=const. Fig. 5 depicts ts

dependen-ce 6V on P2a,.d to K durinij a reduction DV

iituin operational reenltry corridor. It is evident that for DV with

O ha assigned chira~teristics the groat-st effect is achieved during

traffic KA rnuar th, mi.ldl of operational reentry corridor, and

sawllest - iuring traffic near lowfzr boundary. SO, for DV

with P• =350 kgf/iu2 and 1X,=0.3 tho ,Paximum jain 6 V. ccmposes 170 mr/s

dith I/, =-s) kinm, but- TmiliImutf

-36 m/s with H,=-I"0 K:n.

P~ije b5.

rho . tetct if t ,, fl-.j. of th, "pt iI;I'La contrcl crow/Cise.- with a;I

04

0
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I.

...increase ofKI(,, increases P, weakly affects nagnituode ,•V.

so, with increase in K6 from 0.3 to 0.5 tihe value &Vh grow/rises from
|0

3 70 to 400 w/s, and during change Pxfro• 350 to 550

*kqf/u? it decreases from 170 to 130 s/s.

I I

*
*I I
*
* 4

oI

0*

* I
*

*
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**********.LOIT1R: ."LEASE C1UECK FOR ALL C¥1&ILLIC CS UNCLEAR ITI:1S ON

TIile rAi1LI (FIGUlE) WhICH ?MAY ,dAVE B3EEN LEFT CUTv*#'**v'***

p i .5.

12 A7hP ~~.. ~.J:

Aey: (1) kgf£1• 2 .. (2) kmn. (3) :0/s.

S

I I,

% o
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'-*The carriel out invostiqationz show that in each concrete case it

is necessary ta evaluate ene~rgy expenditures on

-active braking And by weigjht of des~cent control system before giving

preference to the simple or complex view of descent.

The manuscript veceivel 19/X 1971.
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